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VEHICLE AIR-SUSPENSION SYSTEM AND METHOD OF OPERATION 

BACKGROUND OF THE INVENTION 

The present invention relates to an air-suspension system for a vehicle 
and a method for the operation of said air-suspension system. 

Vehicle air-suspension systems as well as methods for their operation 
are known, for example, from DE 100 55 108 Al. 

An air-suspension system for a vehicle is typically provided with a 
plurality of air-suspension bellows in the region of the respective wheel suspension of 
the individual wheels of the vehicle. The air-suspension bellows can be filled with 
compressed air via a compressed-air delivery device such as a compressor. During 
practical operation of such an air-suspension system, the level changes at the individual 
wheel suspensions of the vehicle and thus the processes of filling of the air-suspension 
bellows must be completed as rapidly as possible. For this reason, it is advisable to 
design the compressed-air delivery device with sufficient delivery capacity to meet the 
maximum delivery demand that can develop. Maximum delivery demand will occur if 
all air-suspension bellows present in the vehicle - usually four in the case of a 
passenger car - must be filled simultaneously and relatively rapidly with a specified 
quantity of compressed air. 

On the other hand, if only a subset of the air-suspension bellows - two, 
for example - will be filled with compressed air, for example, to compensate for a 
leaning condition of the vehicle chassis, it may occur that the delivery capacity of the 
compressed-air delivery device is overdimensioned for such a situation. This can lead 
to an undesired large pressure rise on the pressure-outlet side of the compressed-air 
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delivery device, since the compressed-air quantity discharged by the compressed-air 
delivery device cannot flow rapidly enough into the air-suspension bellows. In an 
electrically driven compressed-air delivery device, such an undesired large pressure rise 
can lead to an acoustically perceptible drop in operating rpm. In addition, the electrical 
current drawn by the compressed-air delivery device's motor can increase to an 
undesirably high level, in turn causing a safety circuit to trip in the vehicle, among 
other effects. Finally, an excessive pressure can also lead to damage or increased wear 
of parts of the compressed-air system. 

Accordingly, it is desired to provide, for operation of an air-suspension 
system for a vehicle, a method in which an undesirably large pressure rise on the 
pressure-outlet side of the compressed-air delivery device can be avoided with the 
simplest possible means and with the least possible additional expense. 

SUMMARY OF THE INVENTION 
Generally speaking, in accordance with the present invention, an air- 
suspension system for use in a vehicle and a method for operating such an air- 
suspension system are provided which avoid the disadvantages of prior art systems and 
methods. 

In one embodiment of the present invention a vehicle air-suspension 
system is provided comprising a compressed-air delivery device, air-suspension 
bellows, and a series of valves for the filling of the bellows. The valves are arranged 
and constructed in such a manner as to define multiple states. The effective delivery 
capacity of the compressed-air delivery device is automatically controlled as a function 
of the state defined by the arrangement of the valves. 
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In another embodiment of the present invention a method for operating a 
vehicle air-suspension system is provided, whereby the effective delivery capacity of 
the compressed-air delivery device is automatically controlled as a function of the 
procedure selected by means of the valve arrangement. 

The term "total delivery capacity" will be understood hereinafter as the 
total compressed-air quantity being delivered at a given time by the compressed-air 
delivery device. The term "effective delivery capacity" will be understood hereinafter 
as that fraction of the total delivery capacity which reaches the air-suspension bellows. 
Depending on the following practical example, adaptation of the effective delivery 
capacity to the demand takes place either indirectly by adaptation of the total delivery 
capacity or directly by selective adaptation of the effective delivery capacity. 
Adaptation of the total delivery capacity simultaneously affects the effective delivery 
capacity, while selective adaptation of the effective delivery capacity does not 
necessarily have to affect the total delivery capacity. A combination of the two types of 
adaptation is also advantageous. 

An advantage of the present invention is that adaptation of the effective 
delivery capacity of the compressed-air delivery device takes place as a function of the 
procedure selected for filling the air-suspension bellows. 

From the art of compressed-air-braked vehicles, for example, it is known 
that the delivery capacity of compressed-air delivery devices can be adapted by 
equipping the compressor with a pressure regulator or with governor control on the 
pressure-outlet side. The latter causes the compressor to cycle off and on. Another 
known technique for total delivery capacity adaptation is to design the dead space or 
clearance volume of the compressed-air delivery device with variable size, for example, 
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by providing an additional dead space capable of being connected. Further options for 
adapting the delivery capacity are known from the book entitled "Das Druckluft- 
Kompendium" [The Compressed-Air Compendium], published in 1997 by 
VML-Verlag (ISBN 3 - 89646 - 003 - X). 

The known options for adaptation of the delivery capacity are associated 
with additional equipment complexity and thus additional costs. For air-suspension 
systems for passenger cars in particular, the compressed-air delivery device is provided 
mainly for supplying the air-suspension system. In contrast to compressed-air-powered 
brake systems of trucks, for example, it is not designed to supply compressed air 
additionally or even mainly to consuming units other than the air-suspension system. 
Because of the limited operational need, therefore, the compressed-air delivery devices 
preferably used in passenger cars are greatly optimized in terms of manufacturing costs. 
Thus additional equipment complexity for adaptation of the delivery capacity is not 
desired. 

An advantage of the invention is that the additional capability for 
adaptation of the effective delivery capacity can be achieved by expanding an 
electronic control unit running a control program by appropriate control steps, or in 
other words program steps in a software program, in a manner matched to the 
accessories and design of the air-suspension system. In this way additional equipment 
complexity can be completely avoided if necessary. 

Yet another advantage of the present invention is that the operating noise 
unavoidably made by the compressed-air delivery device can be made more uniform by 
adaptation of the effective delivery capacity. Thereby this noise can be made less 
noticeable to a user of the air-suspension system, such as a vehicle operator. In 
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addition, overheating and associated overloading of the compressed-air delivery device 
can be avoided by simple means. 

Still other objects and advantages of the present invention will in part be 
obvious and will in part be apparent from the specification. 

The present invention accordingly comprises the various steps and the 
relation of one or more of such steps with respect to each of the others, and embodies 
features of construction, combinations of elements, and arrangement of parts which are 
adapted to effect such steps, all as exemplified in the following detailed disclosure, and 
the scope of the invention will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a fuller understanding of the invention, reference is had to the 
following description taken in connection with the accompanying drawings in which: 
Fig. 1 is a schematic diagram of a partly closed air-suspension system 
constructed in accordance with a preferred embodiment of the present invention; 

Fig. 2 is a cross-sectional view of the compressed-air delivery device 
for use in the air-suspension depicted in Fig. 1 in accordance with the present 
invention; 

Fig. 3 is a cross-sectional view of a 4/2 -way changeover valve, 
constructed in accordance with the present invention, in a first operating position; 

Fig. 4 is a cross-sectional view of the 4/2 -way changeover valve 
depicted in Fig. 3 in a second operating position in accordance with the present 
invention; 
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Fig. 5 is a cross-sectional view of the 4/2 -way valve depicted in Fig. 3 in 
a third operating position in accordance with the present invention; 

Figs. 6 to 9 are schematic diagrams depicting further embodiments of an 
air-discharge/dryer device for use in the air-suspension system depicted in Fig. 1 in 
accordance with the present invention; 

Figs. 10 to 12 are schematic diagrams depicting further embodiments of 
a changeover- valve device for use in the air-suspension system depicted in Fig. 1 in 
accordance with the present invention; 

Figs. 13 and 14 are cross-sectional views of a 4/2 -way changeover-valve 
device in different valve positions in accordance with the present invention; 

Figs. 15 and 16 are schematic diagrams depicting the partly closed air- 
suspension system depicted in Fig. 1 in accordance with the present invention; and 

Fig. 1 7 is a schematic diagram depicting an air-intake device constructed 
in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The task of an air- suspension system for a vehicle is to adjust and 
control, via leveling means, the level height of the vehicle chassis relative to the vehicle 
axles and thus indirectly relative to the roadway. For this purpose such a leveling 
means is preferably disposed on each wheel of a vehicle, and air-suspension bellows 
are preferably used as leveling means. By filling or venting the individual air- 
suspension bellows, any desired level heights of the vehicle chassis can be adjusted 
within an adjustment range provided for the purpose. Such air-suspension systems are 
preferably operated with compressed air as the pressurized medium. 
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The term "open system" when used in connection with air-suspension 
systems, means a system in which the compressed air is sucked in as necessary from 
the surroundings, or in other words from the atmosphere, and pumped into the air- 
suspension bellows or into a compressed-air accumulator, or in other words a reservoir 
tank. The compressed-air accumulator, however, is not absolutely necessary and, 
depending on requirements, may even be left out. During venting of the air-suspension 
bellows, the compressed-air is always discharged directly to the atmosphere. Return 
delivery of compressed air from the air-suspension bellows into the compressed-air 
accumulator is not provided in such cases. The open system is of relatively simple 
design, and operates with relatively few components. Such air-suspension systems 
have been used for many years in commercial vehicles such as motor trucks and buses 
and also in passenger cars. 

In contrast, a closed system always contains a compressed-air 
accumulator, which - at least theoretically - is filled one time with compressed air, for 
example during manufacture of the air-suspension system. The closed system has no 
kind of communication with the atmosphere - at least theoretically. During operation 
as designed, the compressed air is transported as needed from the compressed-air 
accumulator to the air-suspension bellows or from the air-suspension bellows back to 
the compressed-air accumulator. Compared with an open system, this has the 
advantage that the change of pressure level to be established during air delivery by the 
compressed-air delivery device, such as a compressor, is usually smaller, since the 
pressure of the compressed air to be delivered is usually at a certain level, which is 
relatively high compared with atmospheric pressure. Thus, the energy consumption of 
such a system is smaller. In addition, the compressed-air delivery device can be 
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designed for the smaller power consumption. Other advantages are that the 
compressed-air delivery device can be operated with a shorter On time and that it 
develops relatively little internal heat. 

In practice, such closed systems would not be able to function 
continuously, because they lose compressed air, for example due to leaks in the air- 
suspension bellows, which are made of elastic material. It has therefore been proposed 
that partly closed systems be used, in which a compressed-air accumulator is also 
provided and in which, as long as sufficient compressed air is present in the system, the 
compressed air is transported forward and back between the compressed-air 
accumulator and the air-suspension bellows, just as in the closed system. In addition, 
communication with the atmosphere is provided, so that the system can be filled with 
compressed air, for example in the event of pressure losses or large temperature 
fluctuations, and air can be sucked in from the atmosphere. To avoid overpressure 
conditions, it is additionally standard practice to provide an air-discharge device for 
venting excess pressure to the atmosphere. 

In such a partly closed system, therefore, some air exchange, albeit of 
limited extent, takes place with the atmosphere. Thus, the partly closed system not 
only is practical but also it can largely exploit the advantages of a closed system. Such 
an air-suspension system designed as a partly closed system is preferably provided with 
the following functional units: 

a compressed-air delivery device, which preferably is designed as a 
compressor and, for example, can be driven by an electric motor; 

a compressed-air accumulator for storage of compressed air at a 
specified pressure level; 
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air-suspension bellows; 
an air-intake device; 
an air-discharge device; and 
an air-dryer device. 

The foregoing functional units can be placed in communication with one 
another via actuatable valve devices, especially electrically actuatable valve devices, in 
such a way that "increase air quantity", "hold air quantity" and "reduce air quantity" 
functions can be activated for the air-suspension bellows. A desired level height can 
then be adjusted for the duration of an "increase air quantity" or "reduce air quantity" 
process. Such an air-suspension system is preferably controlled by an electronic 
control unit. 

Referring now to the drawing figures where like reference numerals are 
used for corresponding parts, Fig. 1 shows a schematic diagram of one embodiment of 
such an air-suspension system. The compressed-air delivery device is illustrated in 
block (1), which is outlined by broken lines. The air-discharge device is illustrated in 
block (2), which is outlined by broken lines, in combination with the air-dryer device, 
referred to hereinafter as air-discharge/dryer device (2). The air-intake device is 
illustrated in block (4), which is outlined by broken lines. The compressed-air 
accumulator (9) as well as the air- suspension bellows (64, 65, 66, 67) are also 
illustrated. In addition, displacement sensors (68, 69, 70, 71) are allocated to air- 
suspension bellows (64, 65, 66, 67). Via electrical conductors, displacement sensors 
(68, 69, 70, 71) respectively transmit, to an electronic control unit (5), an electrical 
signal representative of the level height of the vehicle chassis in the region of that air- 
suspension bellows to which they are allocated. 
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In a further block (3), which is outlined by broken lines, there is 
illustrated a changeover-valve device, which is used for control of the compressed-air 
flow direction during transport of compressed air forward or back between compressed- 
air accumulator (9) and air-suspension bellows (64, 65, 66, 67). By switching 
changeover-valve device (3) to a first valve position, compressed-air accumulator (9), 
acting as a compressed-air source, can be placed in communication alternately with 
compressed-air bellows (64, 65, 66, 67). In a second valve position of changeover 
valve (3), air- suspension bellows (64, 65, 66, 67), acting as the compressed-air source, 
can be placed in communication with compressed-air accumulator (9). Accordingly, an 
"increase air quantity" function can be activated relative to air-suspension bellows (64, 
65, 66, 67) in the first valve position, while a "reduce air quantity" function can be 
activated in the second valve position. 

Via a shutoff valve (8), designed as an electromagnetically actuatable 
2/2 -way valve and also referred to hereinafter as "accumulator valve", compressed-air 
accumulator (9) illustrated in Fig. 1 is placed in communication with a port (318) of 
changeover-valve device (3). Via respective shutoff valves (60, 61, 62, 63) disposed 
upstream from each air-suspension bellows and also referred to hereinafter as bellows 
valves, as well as via a common compressed-air line (72), air-suspension bellows (64, 
65, 66, 67) are placed in communication with a further port (316) of changeover-valve 
device (3). Preferably, bellows valves (60, 61, 62, 63) are also designed as 
electromagnetically actuatable 2/2-way valves. Check valves (51, 52) connected via 
their inlet sides are provided at a further port (317) of changeover- valve device (3). On 
the outlet side, check valve (51) is in communication with air intake device (4) as well 
as with a suction port (105) of compressed-air delivery device (1). An outlet port (106) 
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of compressed-air delivery device (1) is in communication with an air inlet of air- 
discharge/dryer device (2). A check valve (50) is disposed at one outlet of air- 
discharge/dryer device (2). Check valves (50, 52) are in communication via their outlet 
sides with a further port (315) of changeover-valve device (3). 

In the following practical examples, the arrangement of bellows valves 
(60, 61, 62, 63) will be considered as the valve arrangement for control of filling of 
optionally one, several or all air- suspension bellows (64, 65, 66, 67) with compressed 
air discharged by compressed-air delivery device (1). Other types of valves, such as 
proportional valves, can also be used as the valve arrangement instead of the 2/2 -way 
valves illustrated in the practical examples. 

In the configuration of an air-suspension system illustrated in Fig. 1, 
there is disposed, at the outlet side of check valve (50), a pressure sensor (7) that 
measures the pressure present there and transmits an electrical signal representative of 
that pressure to electronic control unit (5). If necessary, pressure sensor (7) can be 
provided as an option or can even be omitted to achieve more favorable manufacturing 
costs for the air-suspension system, as will be explained in more detail hereinafter. 

There is also provided an electric motor (6) that can be turned on via an 
electrical signal from electronic control unit (5). Via a drive shaft (14), electric motor 
(6) drives a piston machine (12) provided in compressed-air delivery device (1). 

Electronic control unit (5) is used for control of all functions of the air- 
suspension system. For this purpose, control unit (5) is connected via electrical 
conductors to an electric actuating device of changeover-valve device (3), to shutoff 
valves (8, 60, 61, 62, 63), to optional pressure sensor (7), to displacement sensors (68, 
69, 70, 71) and to electric motor (6). 

11 
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Compressed-air delivery device (1) is provided with the functional units 
explained hereinafter. A piston machine (12) is used to deliver air from suction port 
(105) to outlet port (106) of compressed-air delivery device (1). Piston machine (12) 
can be designed as a conventional piston compressor, for example, or even a rocking 
piston compressor. As mentioned, piston machine (12) can be driven via a drive shaft 
(14). On the intake side of compressed-air delivery device (1) there is disposed a 
suction valve (11) designed as a check valve. On the outlet side of compressed-air 
delivery device (1) there is disposed an outlet valve (13), also designed as a check 
valve. The delivery direction of compressed-air delivery device (1) is determined by 
check valves (11, 13). 

Hereinafter, not only the already mentioned suction valve (11) but also 
all parts of the air-suspension system in direct or indirect pneumatic communication 
with suction port (105), from suction valve (1 1) to port (317) of changeover-valve 
device (3), will be regarded as allocated to the intake side of compressed-air delivery 
device (1). In the practical example according to Fig. 1, these are parts (10, 11, 40, 41, 
42, 51, 105, 317) as well as the inlet of check valve (52). Hereinafter, not only the 
already mentioned outlet valve (13) but also all parts of the air-suspension system in 
direct or indirect pneumatic communication with outlet port (106), from outlet valve 
(13) to port (315) of changeover-valve device (3), will be regarded as allocated to the 
outlet side of compressed-air delivery device (1). In the practical example according to 
Fig. 1, these are parts (2, 7, 13, 50, 106, 315) as well as the outlet of check valve (52). 
Depending on the valve position of changeover- valve device (3), those parts of the air- 
suspension system that are disposed on the side of changeover- valve device (3) remote 
from compressed-air delivery device (1) will also be regarded as allocated to the intake 
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side whenever air is being sucked in therefrom, and will also be regarded as allocated to 
the outlet side whenever compressed air is being discharged thereto by compressed-air 
delivery device (1). 

In the diagram of Fig. 1, the volume (10) illustrated with an accumulator 
symbol on the intake side of compressed-air delivery device (1) symbolically represents 
all volumes present on the intake side of compressed-air delivery device (1), such as the 
volume of the crankcase of piston machine (12) or even the compressed-air lines 
connected to the intake side of compressed-air delivery device (1). Volumes present on 
the outlet side of compressed-air delivery device (1) are represented collectively by a 
volume (15), which will be explained in more detail hereinafter, and which is illustrated 
in air-discharge/dryer device (2) in Fig. 1 . 

A practical example of such a compressed-air delivery device (1) is 
illustrated in Fig. 2 in the form of a piston compressor. The piston machine (12) is 
provided inside its case with a drive shaft (14), which is mechanically connected to a 
piston (17) via a connecting member (104), a revolute joint (107), a connecting rod (16) 
and a further revolute joint (18). In response to rotation of drive shaft (14), piston (17) 
executes an upward and downward movement. Piston (17) is equipped with a 
circumferential seal (100), which seals a pressure space (108) provided above the 
piston from a suction space (1 10) provided in the crankcase of compressor (12). On the 
top end of piston (17) there is disposed suction valve (11), which is desirably formed as 
a thin plate, which is fastened to piston (17) by means of a screw (19). During upward 
movement of piston (17), suction valve (11) functions to seal pressure space (108) from 
an intake opening (101) that passes through piston (17). 
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Above pressure space (108) there is provided an outlet space (150). In 
outlet space (150) there is provided outlet valve (13), which is desirably formed as a 
thin plate, which is fastened by means of a screw (103) to the underside of outlet space 
(150). During downward movement of piston (17), outlet valve (13) seals outlet space 
(150) from an outlet duct (102) as well as from pressure space (108). 

During a downward stroke of piston (17), the air sucked in via suction 
port (105) flows through intake duct (101) and valve (1 1), which is open at the time, 
into pressure space (108), which at the time is shut off from outlet space (150) by 
means of valve (13). During an upward stroke of piston (17), suction valve (11) closes, 
whereby the air present in pressure space (108) is pressed through outlet duct (102) and 
outlet valve (13), which is open at the time, into outlet space (150). From outlet space 
(150), the compressed air present there can then flow via outlet port (106) into 
downstream air-discharge/dryer device (2). 

According to Fig. 1, air-discharge/dryer device (2) is provided in an 
advantageous configuration with a compressed-air-controlled 4/3 -way valve (20) as 
well as with an air dryer (21). Between 4/3-way valve (20) and air dryer (21) there is 
illustrated volume (15), which as previously mentioned collectively represents the 
volumes due to air-discharge/dryer device (2), especially that due to the air-dryer 
cartridge. The volumes present on the outlet side of compressed-air delivery device (1) 
are also included in volume (15). 

In the valve position of valve (20) illustrated in Fig. 1, the compressed 
air discharged by compressed-air delivery device (1) flows via a compressed-air line 
(22) into valve (20) at a port (223), out of valve (20) at a further port (224) and into a 
compressed-air line (24), from there through air dryer (21) and from there via check 
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valve (50) to changeover-valve device (3). Via a compressed-air line (25), the outlet 
side of air dryer (21) is additionally provided with communication back to a further port 
(225) of valve (20), which is shut off in the valve position illustrated in Fig. 1 . A 
further port (215) of valve (20) is used as the vent port of the air-suspension system; it 
is in communication with the atmosphere. 

Via a compressed-air line (23), port (223) of valve (20), which is in 
communication with compressed-air delivery device (1), is also in communication with 
a compressed-air- actuated control port of valve (20). When the pressure at the control 
port rises appropriately, valve (20) can be changed over from the valve position 
illustrated in Fig. 1 to a second and a third valve position. The connecting duct 
between ports (223, 224) of valve (20) still has a relatively large passage cross section 
in the first valve position, but in the second valve position it is changed over to a 
throttling position with a greatly reduced passage cross section. Compressed-air line 
(25) continues to be shut off in the second valve position. As the pressure at the control 
port rises further, the third valve position is finally established. Therein, the throttling 
position with the greatly reduced passage cross section is again provided between ports 
(223, 224) of valve (20). Compressed-air line (25) is then in communication with the 
compressed-air outlet at port (215), or in other words with the atmosphere, and so 
compressed air can be discharged to the atmosphere. In this context, valve (20) also 
functions as an overpressure safety valve, or in other words as a safeguard against 
undesirably high pressure values in the air-suspension system, as will also be explained 
hereinafter. 

Because of the throttling effect of valve (20) in the second and third 
valve positions, the compressed air expands on its way from compressed-air line (22) to 
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compressed-air line (24), and thus arrives in expanded condition or in other words at a 
lower pressure level in air dryer (21), after which it can be discharged to the 
atmosphere as soon as the third valve position of valve (20) is reached. Because of the 
expansion of the compressed air as a result of the throttling effect, an improved 
regeneration effect of the dryer granules present in air dryer (21) is achieved. Thus, a 
relatively good drying effect is achieved with relatively little compressed-air 
consumption. 

In contrast to conventional air-suspension systems, the air-dryer device 
in the air-suspension system according to the present invention is advantageously 
disposed such that compressed air always flows through it in the same flow direction 
both in normal operation of the air-suspension system and in regeneration operation, or 
in other words during extraction of moisture from the dryer granules. This has the 
advantage that air dryer (21) can be mounted permanently at the outlet side of 
compressed-air delivery device (1). In particular, it can be disposed in relatively close 
spatial proximity to the compressed-air delivery device, and so air preheated by the 
compressed-air delivery device can be passed through it in any mode of operation. 
Because of the spatially compact arrangement next to the compressed-air delivery 
device, the heated compressed air can reach air dryer (21) with a relatively small 
temperature drop. Since hot air can absorb the moisture much better than cold air, a 
further substantial improvement of efficiency of regeneration of the dryer granules can 
be achieved by this configuration of the invention. 

Fig. 3 shows a cross-sectional view of air-discharge/dryer device (2) as 
described hereinabove, with an advantageously designed version of 4/3-way valve (20) 
in its first valve position. Valve (20) has a housing (200), which in its portion 
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illustrated in the lower region of Fig. 3 is provided with a larger cross section than its 
other portions. As an example, housing (200) can be of rotationally symmetric 
construction. Inside housing (200) there is disposed a valve member (209), which is 
rigidly joined to a piston (205) provided for actuation of valve member (209). Piston 
(205) is guided in housing portion (207) and sealed in housing portion (207) via a 
circumferential seal (206). In the depressurized or partly depressurized condition of 
valve (20) illustrated in Fig. 3, piston (205) is pressed against bottom (222) of housing 
(200) by a spring (208), which is braced against a pedestal-shaped region (221) of 
housing (200). 

Annular seals (201, 202, 204), which are held in position by grooves 
disposed in housing (200), are disposed at certain spacings in housing (200). Valve 
member (209) is provided with a wall (210), which is guided inside seals (201, 202, 
204) and can be displaced relative to seals (201, 202, 204) in response to a movement 
of piston (205). Housing (200) is provided with openings (223, 224, 225), to which the 
pressure lines (22, 24, 25) mentioned hereinabove are connected. Furthermore, an 
opening for vent port (215) is provided in the lower region of housing (200). 

Wall (210) of valve member (209) is provided on the side facing 
opening (224) with an opening (212). This opening (212) has a relatively small cross 
section compared with the other flow cross sections of valve (20). Thus, a throttling 
effect, which is active in the second and third valve positions of valve (20), can be 
achieved during flow of compressed air through opening (212). 

In the valve position of valve (20) illustrated in Fig. 3, a compressed-air 
flow injected via compressed-air line (22) can pass through duct (213) into compressed- 
air line (24) and from there through air dryer (21) to check valve (50). Flow of 
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compressed air through compressed-air line (25) is prevented by seals (202, 204), or in 
other words compressed-air line (25) is shut off. According to the flow direction 
indicated by arrow (23), the compressed air can also propagate through an opening 
(214) passing through piston (205) into the space bounded by piston (205), housing 
underside (222) and seal (206). 

As soon as the pressure injected via compressed-air line (22) into valve 
(20) exceeds a certain minimum value, which also depends on the friction between 
valve member (209) and seals (201, 202, 204) among other factors, piston (205) begins 
to move away from housing bottom (222) against the force of spring (208). Such a 
condition is illustrated in Fig. 4, where the pressure present in valve (20) has already 
reached a magnitude at which piston (205) has executed such a substantial movement 
against the force of spring (208) that valve (20) has occupied its second valve position. 

In this second valve position, valve member (209) has reached seal 
(201), whereby duct (213) illustrated in Fig. 3 is shut off. As indicated by arrow (216), 
a flow of compressed air from compressed-air line (22) to compressed-air line (24) now 
takes place through opening (212), which acts as a throttling point. According to arrow 
(23), compressed-air propagation continues to take place through opening (214), into 
the space bounded by piston (205), housing bottom (222) and seal (206). Compressed- 
air line (25) is still shut off. 

As the pressure in valve (20) continues to rise, the third valve position of 
valve (20) is occupied, as illustrated in Fig. 5. In this valve position, piston (205) bears 
against the upper side of housing region (207). A compressed-air flow from 
compressed-air line (22) to compressed-air line (24), as in the second valve position, 
continues to take place in throttled form through opening (212), as illustrated by arrow 
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(216). The space that had previously been closed by seals (202, 204) and that shuts off 
compressed-air line (25) is now opened relative to seal (204), and so compressed air 
can flow out of compressed-air line (25) through opening (215) into the atmosphere, as 
illustrated by arrow (217). 

An alternative embodiment of air-discharge/dryer device (2) is 
illustrated in Fig. 6. Instead of the 4/3-way valve explained in the foregoing, there is 
used here a 4/2 -way valve, or in other words a valve of simplified design with only two 
valve positions. Thus, valve (20) can be of simpler design and can be less expensive to 
manufacture. 

In a further embodiment, which is illustrated in Fig. 7, air- 
discharge/dryer device (2) can also be equipped with an electromagnetically actuatable 
valve (219) as the vent valve. Vent valve (219) according to Fig. 7 is provided with an 
electromagnet (27) as actuating element instead of with pressurized- fluid actuating 
means. Electromagnet (27) can be connected via an electrical conductor (26) to control 
unit (5). 

In a further configuration shown in Fig. 8, air-discharge/dryer device (2) 
is equipped with a pressure-controlled valve device (220), which is disposed 
downstream from air dryer (21). In addition, a throttle (28) is disposed upstream from 
air dryer (21). Valve device (220) is designed as a 3/2 -way valve, which is installed in 
the compressed-air line connected to the pressure outlet of air dryer (21). Thus, a 
simple layout of the compressed-air lines on the outlet side of air dryer (21) is realized. 

Fig. 9 illustrates a further embodiment of air-discharge/dryer device (2) 
that, just as in Fig. 8, provides a throttle (28) disposed upstream from air dryer (21) as 
well as a pressure-controlled valve device (29) disposed downstream from air dryer 
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(21). Valve device (29) is designed as a 2/2 -way valve. Thus, air-discharge/dryer 
device (2) can be manufactured particularly inexpensively. In an advantageous 
practical implementation, the additional branch point of the compressed-air lines 
illustrated according to Fig. 9 on the outlet side of the air dryer can be integrated 
directly into valve device (29), and so the routing of the compressed-air lines is not 
more complicated than that of the configuration according to Fig. 8. 

For rapid delivery of compressed air to the air-suspension bellows or 
from the air-suspension bellows, throttle (28) is designed in such a way as to ensure 
that a compressed-air flow sufficient for the desired requirements can pass through 
throttle (28). On the other hand, to achieve an efficient regeneration effect for the dryer 
granules while valve device (29) is open, the passage cross section of valve device (29, 
220) is much larger than the passage cross section of throttle (28), in the ratio, for 
example, of 4:1. 

By analogy with the embodiment according to Fig. 7, it should be 
understood that the embodiments of air-discharge/dryer device (2) illustrated in Figs. 6, 
8 and 9 can also be equipped with an electromagnetically actuatable vent valve instead 
of with the illustrated pressure-actuatable valves (20, 220, 29). 

According to Fig. 1, there is proposed as changeover-valve device (3) an 
electromagnetically actuatable multiway- valve arrangement that is piloted by 
compressed air and comprises a pilot valve (31) and a changeover valve (30). Pilot 
valve (31) is designed as an electromagnetically actuatable 3/2 -way valve that can be 
actuated by control unit (5) via an electrical conductor. Changeover valve (30) is 
designed as a 4/2-way valve that can be actuated by compressed air and that is in 
communication via compressed-air ports (315, 316, 317, 318) with the other parts of 
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the air- suspension system. The compressed-air- actuatable control input of changeover 
valve (30) can be placed optionally in communication with the pressure discharged by 
compressed-air delivery device (1) via air-discharge/dryer device (2) and check valve 
(50), or with the atmosphere. To avoid undesirably high air consumption during 
actuation of changeover valve (30), the control volume of this valve is kept small. Figs. 
13 and 14, discussed in detail hereinafter, show a practical example of a changeover 
valve designed in this way having small control volume. Furthermore, it is 
advantageous to keep the changeover frequency low by suitable control algorithms in 
control unit (5), in order to minimize the air consumption. 

Compared with a 4/2 -way changeover valve controlled directly by an 
electromagnet, valve arrangement (3) with pilot valve as illustrated in Fig. 1 has the 
advantage that the actuating forces that must be applied by the electromagnet are 
smaller. Thus, the electromagnet can be of smaller and less expensive design. The fact 
that the pilot pressure is drawn from the compressed-air outlet branch of compressed- 
air delivery device (1) has the advantage that changeover-valve device (3) is functional 
in every operating condition of the air-suspension system. For example, it is functional 
even during initial startup, while compressed-air accumulator (9) is still empty. 

Fig. 10 illustrates an alternative construction of changeover-valve device 
(3) comprising a changeover valve (30) designed as a slide valve that can be actuated 
by an electric motor plus an electric motor (32) that can be activated by control unit (5) 
in order to bring about actuation. 

A further alternative embodiment of changeover-valve device (3) is 
illustrated in Fig. 1 1 . Therein, instead of a single changeover valve with 4/2 -way 
function, as explained on the basis of Figs. 1 and 10, a combination of two pressure- 
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controlled 3/2- way valves (33, 34) is provided, which can be actuated by the already 
explained pilot valve (31). As regards its compressed-air port sides (35, 36), 
changeover-valve device (3) illustrated in Fig. 1 1 can be integrated as desired into the 
air-suspension system according to Fig. 1 . In other words, it is possible, for example, 
to place port side (35) in communication with the compressed-air delivery device and 
port side (36) in communication with the compressed-air accumulator or with the air- 
suspension bellows. Conversely, port side (36) can also be placed in communication 
with the compressed-air delivery device, in which case port side (35) is placed in 
communication with the compressed-air accumulator and the air-suspension bellows. 

A further embodiment of changeover-valve device (3) is indicated in 
Fig. 12. Therein, four pneumatically actuatable 2/2-way valves (37, 38, 39, 300), 
which can be actuated by pilot valve (31), are used for changeover. As explained on 
the basis of Fig. 11, the port sides (35, 36) of changeover-valve device (3) can also be 
connected as desired into the air-suspension system according to Fig. 1 . 

An advantageously designed configuration of changeover-valve device 
(3) illustrated in Fig. 1 will be explained on the basis of Figs. 13 and 14. Fig. 13 shows 
changeover-valve device (3) in unactuated condition and Fig. 14 shows it in actuated 
condition. 

As explained, changeover-valve device (3) comprises pilot valve (31) 
and changeover valve (30). Pilot valve (31) is provided with an electromagnet 
arrangement (301, 302), which is designed as electrical coil (301) and an armature 
(302), which is disposed inside coil (301) and can be moved in longitudinal direction of 
coil (301). Armature (302) simultaneously functions as the valve-closing member. For 
application as the valve-closing member, the armature is equipped at one of its end 
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faces with a seal (305) made of an elastomer and at its opposite end face with a further 
seal (306), also made of an elastomer. On its circumference, armature (302) is 
provided with grooves (307, 308) running in longitudinal direction and functioning as 
air-guide ducts. Armature (302) is braced on a spring (304), which is disposed inside 
coil (301). Spring (304) in turn is braced on a valve closure element (309), which 
closes off pilot valve (31) at its upper end. Valve closure element (309) is equipped 
with a bore running along its longitudinal axis and functioning as pressure-outlet duct 
(303) for venting, to the atmosphere, the compressed air that can be injected by pilot 
valve (31) into changeover valve (30). 

Pilot valve (31) is joined to changeover valve (30) to form a rigid unit. In 
the unactuated condition, as illustrated in Fig. 13, armature (302) is pressed by the force 
of spring (304) onto a valve seat (311) provided in changeover valve (30). In the 
process, seal (306) closes off valve seat (311). In this condition, seal (305) is not in 
contact with valve closure element (309), and so pressure outlet duct (303) is open. 

Changeover valve (30) includes a valve housing (319), which is 
provided with various compressed-air ports (315, 316, 317, 318) as well as air-guide 
ducts (314, 312). Compressed-air port (315) functions as the port to the outlet side of 
compressed-air delivery device (1). In other words, on the basis of the diagram of Fig. 
1, it functions as the port to the outlet sides of check valves (50, 52). Compressed-air 
port (317) functions as the port to the intake side of compressed-air delivery device (1). 
In other words, according to Fig. 1, it functions as the port to the inlet sides of check 
valves (5 1 , 52). Compressed-air port (3 1 8) functions as the port of compressed-air 
accumulator (9) via accumulator valve (8). Compressed-air port (316) functions as the 
port of air-suspension bellows (64, 65, 66, 67) via bellows valves (60, 61, 62, 63). 
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Compressed air to be used for pilot action can flow via compressed-air 
duct (314) to pilot valve (31) or to armature (302). For actuation of pilot valve (31), 
electric current is applied to move armature (302) against the force of spring (304) into 
the position illustrated in Fig. 14. Thereupon valve seat (31 1) is released, allowing 
compressed air to flow via chamber (310) and via compressed-air duct (312) into a pilot 
chamber (313). Pilot chamber (313) is bounded by a longitudinally movable piston 
(320), which is acted upon by compressed air present in pilot chamber (313). Piston 
(320) is braced via a spring (321) against an opposing stop in valve housing (319). 
When appropriate, compressed air is admitted into chamber (313), and piston (320) is 
moved against the force of spring (321) into the position illustrated in Fig. 14. In the 
process, a valve slide (322) joined integrally to piston (320) is moved therewith into the 
position illustrated in Fig. 14. 

Via valve slide (322), compressed-airports (315, 316, 317, 318) are 
placed in communication with one another in the way explained above on the basis of 
Fig. 1. Thus, in the unactuated position of changeover-valve device (3) illustrated in 
Fig. 13, compressed-air port (315) is in communication with compressed-air port (318), 
and compressed-air port (316) is in communication with compressed-air port (317). In 
the actuated case according to Fig. 14, compressed-air port (315) is in communication 
with compressed-air port (316), and compressed-air port (317) is in communication 
with compressed-air port (3 1 8). 

Air-intake device (4) is provided as a further functional unit in Fig. 1 . It 
is provided with an air-intake port (42) in communication with the atmosphere, with a 
filter (41) for filtering out impurities of the ambient air and with a check valve (40). 
This type of embodiment of air-intake device (4) has the advantage that, in the event of 
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a corresponding air demand on the intake side of compressed-air delivery device (1), 
for example in the event that the pressure in compressed-air accumulator (9) is too low 
or that valves (8, 60, 61, 62, 63) are shut off during regeneration of the dryer granules, 
air is automatically and adequately sucked in from the atmosphere, since check valve 
(40) does not need any special control. 

An alternative embodiment of air-intake device (4) is illustrated in Fig. 
17. Therein, instead of check valve (40), there is used as intake valve an 
electromagnetically actuatable 2/2 -way valve (43), which can be actuated by control 
unit (5) via an electrical conductor (44). Actuation by control unit (5) takes place 
whenever a demand for intake from the atmosphere exists, for example during 
regeneration operation or for adaptation of the effective delivery capacity of 
compressed-air delivery device (1). Furthermore, a demand for intake can also be 
inferred on the basis of the output pressure of compressed-air delivery device (1) as 
measured by pressure sensor (7). Alternatively, a further pressure sensor could also be 
provided on the intake side of the compressed-air delivery device, in order to transmit a 
pressure signal to control unit (5). 

In the configuration of the air-suspension system according to Fig. 15, 
there is provided, as bypass valve, an overflow valve (74) that acts as a pressure- 
limiting valve and is in communication with ports (316, 318) of changeover- valve 
device (3). If the pressure in compressed-air line (72) exceeds a predefined pressure 
value, overflow valve (74) causes the compressed air to flow through to port (318) and 
consequently creates a return flow of compressed air via port (3 1 7) and check valve 
(51) to intake port (105) of compressed-air delivery device (1). Thus, the pressure 
present in compressed-air line (72) is lowered, with the consequence that the effective 
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delivery capacity of compressed-air delivery device (1) becomes smaller and is 
automatically adapted to the existing demand. The response pressure of overflow valve 
(74) is preferably designed such that overflow and thus pressure dissipation on the 
outlet side of compressed-air delivery device (1) takes place if fewer than three of 
bellows valves (60, 61, 62, 63) are switched to passing position. 

In the configuration according to Fig. 16, an electromagnetically 
actuatable 2/2-way valve (73) is used as the bypass valve instead of the previously 
explained overflow valve (74), and is disposed in a manner analogous to overflow 
valve (74). This 2/2-way valve (73) is connected via an electrical conductor to control 
unit (5) and can be actuated thereby via an electrical signal. Upon actuation of 2/2-way 
valve (73), the effective delivery capacity of compressed-air delivery device (1) is 
reduced by return flow of the delivered air to intake port (105) of compressed-air 
delivery device (1). 

It should be understood that the arrangement of bypass valve (73, 74) is 
not restricted to the previously explained configurations. Instead, bypass valve (73, 74) 
can be disposed between any desired points of the intake side of compressed-air 
delivery device (1) on the one hand and the outlet side of compressed-air delivery 
device (1) on the other hand. 

The air-suspension system, the construction of which has been described 
hereinabove, can be operated in a number of modes of operation, which will be 
explained hereinafter. In the process, a number of synergy effects, by which the air- 
suspension system can be used particularly efficiently, are obtained in the air- 
suspension system illustrated in Fig. 1 as well as in the configurations according to 
Figs. 2 to 14 explained hereinabove. 
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The following modes of operation of the air-suspension system will be 
described hereinafter: 

1 . "neutral condition": refers to a basic condition of the air- 
suspension system, in which no compressed-air delivery or compressed-air movement 
takes place between the individual components of the air-suspension system. This 
condition is active in particular in the valve positions of the valves illustrated in Fig. 1 
as well as when electric motor (6) is turned off. 

2. "raise": refers to an increase of the compressed-air quantity in 
one or more air-suspension bellows (64, 65, 66, 67). 

3. "lower": refers to a decrease of the compressed-air quantity in 
one or more air-suspension bellows (64, 65, 66, 67). 

4. "low-pressure compensation": refers to compensation, by intake 
of air from the atmosphere, for too-low air pressure or too-small compressed-air 
quantity, for example in compressed-air accumulator (9). 

5. "overpressure compensation": refers to compensation, by venting 
to the atmosphere, for too-high air pressure or too-large compressed-air quantity in the 
air-suspension system, for example in compressed-air accumulator (9). 

6. "regeneration": refers to regeneration of air dryer (21), or in 
other words removal of moisture stored in the dryer granules of air dryer (21), for 
which purpose air stored in the air-suspension system or sucked in from the atmosphere 
is vented through air dryer (21) to the atmosphere. 

7. "starting help": refers to assistance, by boosting with compressed 
air, for startup of compressed-air delivery device (1) or its electric motor (6) used as the 
drive. 
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During the first startup of the air-suspension system according to Fig. 1, 
and starting from the neutral condition, compressed-air accumulator (9) as well as air- 
suspension bellows (64, 65, 66, 67) are for the time being at a pressure level that 
corresponds to atmospheric pressure. A compressed-air quantity adequate for the air- 
suspension system to function as designed is therefore not yet present in this condition. 
Control unit (5) recognizes this by evaluating the displacement information supplied by 
displacement sensors (68, 69, 70, 71). If pressure sensor (7) is also provided, control 
unit (5) additionally refers to the pressure information supplied by pressure sensor (7) 
to recognize the inadequate air quantity. In this condition, control unit (5) first 
activates the "Low-pressure compensation" mode of operation of the air-suspension 
system. 

For this purpose, changeover-valve device (3) is used to establish 
communication between outlet port (106) of compressed-air delivery device (1) and air- 
suspension bellows (64, 65, 66, 67). Thus, compressed-air accumulator (9) is 
simultaneously placed in communication with the intake side of compressed-air 
delivery device (1). In addition, accumulator valve (8) and bellows valves (60, 61, 62, 
63) are switched to open position. Electric motor (6) is then turned on, whereupon 
compressed-air delivery device (1) begins to deliver compressed air. Since no notable 
air quantity can be sucked in from the branch - in communication with compressed-air 
accumulator (9) - of the compressed-air line on the intake side of compressed-air 
delivery device (1), a reduced pressure relative to atmospheric pressure then develops 
on the intake side, causing check valve (40) to open. Thus, compressed-air delivery 
device (1) is able to suck in air from the atmosphere via air intake device (4). The 
sucked-in air is discharged on the outlet side of compressed-air delivery device (1), 
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where it flows via air-discharge/dryer device (2), check valve (50), changeover-valve 
device (3) and bellows valves (60, 61, 62, 63) into air-suspension bellows (64, 65, 66, 
67). 

In the process, the resulting level height is monitored via displacement 
sensors (68, 69, 70, 71) by control unit (5). When a desired level height is reached at 
one of air-suspension bellows (64, 65, 66, 67), control unit (5) switches the bellows 
valve (60, 61, 62, 63) upstream from that air-suspension bellows into shut-off position. 
As soon as all bellows valves (60, 61, 62, 63) have been switched to shut-off position in 
this way, control unit (5) turns electric motor (6) off and switches accumulator valve 
(8) into shut-off position. Herewith, the process of filling of air-suspension bellows 
(64, 65, 66, 67) is complete. 

Besides filling of air-suspension bellows (64, 65, 66, 67), it may be 
appropriate, during startup of the air-suspension system, also to fill compressed-air 
accumulator (9), which initially is at atmospheric pressure. For this purpose, 
communication between outlet port (106) of compressed-air delivery device (1) and 
compressed-air accumulator (9) is established by means of changeover-valve device 
(3). Accumulator valve (8) is switched into open position while bellows valves (60, 61, 
62, 63) are left in shut-off position. Electric motor (6) is then turned on, whereupon 
compressed-air delivery device (1) begins to deliver compressed air. Compressed-air 
delivery device (1) then sucks in air from the atmosphere through air- intake device (4). 
The sucked-in air is discharged on the outlet side of compressed-air delivery device (1), 
where it flows via air-discharge/dryer device (2), check valve (50), changeover-valve 
device (3) and accumulator valve (8) into compressed-air accumulator (9). 
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This process of filling compressed-air accumulator (9) can take place 
under time control, for example. In other words, electric motor (6) is turned on for a 
predefined filling-time interval. If pressure sensor (7) is provided, the resulting 
pressure level is monitored via pressure sensor (7) by control unit (5). After the 
predefined filling-time interval has elapsed, or when a desired pressure value has been 
reached, control unit (5) turns electric motor (6) off once again and also switches 
accumulator valve (8) to shut-off position. Herewith, the process of filling compressed- 
air accumulator (9) is complete. 

The process of filling explained above, or in other words the "low- 
pressure compensation" mode of operation, is also activated automatically by control 
unit (5) in subsequent operation of the air-suspension system if the air quantity in the 
air-suspension system is suspected of being too small on the basis of the signals of 
sensors (7, 68, 69, 70,71). 

In subsequent operation, or in other words after compressed-air 
accumulator (9) and air-suspension bellows (64, 65, 66, 67) have been filled for the 
first time, the low-pressure condition described above may develop, for example due to 
leaks in parts of the air-suspension system or even due to operation of the air- 
suspension system under altered climatic conditions, such as lower ambient 
temperatures. Thus, it will be necessary, for example, to refill compressed air into a 
compressed-air accumulator (9) that had been filled to a desired nominal pressure at 
high ambient temperature if the vehicle equipped with the air-suspension system is 
being operated in a region with cooler ambient temperatures. As explained, control 
unit (5) automatically recognizes such a low-pressure condition by regular evaluation 
of the signals of sensors (7, 68, 69, 70, 71), and in such a case automatically activates 
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the "low-pressure compensation" mode of operation. 

In the inverse case, that of a vehicle that was originally operated in a 
cooler climatic region, it may be that the air quantity in the air-suspension system is too 
large for operation in a hotter climatic region. As a result, the pressure in compressed- 
air accumulator (9) will be above a desired or permissible limit value. In such a case, 
the "overpressure compensation" mode of operation is activated. 

For this purpose, control unit (5), by means of changeover- valve device 
(3), places compressed-air accumulator (9) in communication with the intake side of 
compressed-air delivery device (1). To dissipate the overpressure, accumulator valve 
(8) can now be opened to pass compressed air from compressed-air accumulator (9) via 
accumulator valve (8), changeover-valve device (3), check valve (51) and compressed- 
air delivery device (1) to air-discharge/dryer device (2). By virtue of check valve (40), 
the compressed air cannot escape via air-intake device (4) under these conditions, but 
instead it flows through check valves (11, 13), which open automatically in flow 
direction, and through compressed-air delivery device (1) without the need for electric 
motor (6) to be turned on. In air-discharge/dryer device (2), the arriving overpressure 
causes valve (20) to change over to its third valve position, thus allowing the 
compressed air to flow further through valve (20), compressed-air line (24), air dryer 
(21), compressed-air line (25) and again through valve (20) and vent port (215) into the 
atmosphere. In this condition, no air flows via check valve (50), since bellows valves 
(60, 61, 62, 63), which in this operating condition are in communication with check 
valve (50) via changeover-valve device (3), are all in shut-off position. 

The "overpressure compensation" condition can be maintained, for 
example, until the overpressure has been sufficiently dissipated that valve (20) 
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automatically returns to its second valve position. In this case, the overpressure is 
controlled and limited by suitable coordination of the compressed-air actuation of valve 
(20) and restoring spring (208), or in other words by appropriate choice of the active 
area of piston (205) and of the force of spring (208). 

As is evident from the foregoing explanations, a suitable pressure range 
can be adjusted and maintained in the air-suspension system quasi-automatically even 
without use of pressure sensor (7), since on the one hand check valve (40) 
automatically opens at corresponding low pressure and thus enables intake of air from 
the atmosphere, and on the other hand valve (20) automatically opens at corresponding 
overpressure and permits the excess air to flow out into the atmosphere. 

The air-suspension system is therefore functional even without pressure 
sensor (7). Thus, for cost reasons, for example, it is possible to manage without this 
pressure sensor. Nevertheless, if a pressure sensor (7) is provided, this quasi-automatic 
regulation still provides a further advantage in that the air-suspension system is able to 
continue operating safely even in the event of a defect or failure of pressure sensor (7). 

In an air-suspension system without pressure sensor (7), for example, 
undesirable overpressure in compressed-air accumulator (9) can be reliably prevented 
by placing compressed-air accumulator (9) in communication with valve (20), which 
functions as the overpressure safeguard, at regular time intervals, such as every 30 
minutes. 

If pressure sensor (7) is used, it is possible to implement further control 
algorithms, which can be provided including as part of the control program in control 
unit (5) and by which further advantages can be achieved in control of the air- 
suspension system. 
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When pressure sensor (7) is present, control unit (5), in an advantageous 
configuration of the invention, performs regular monitoring of the pressure in 
compressed-air accumulator (9). For this purpose, control unit (5) places compressed- 
air accumulator (9) in communication with pressure sensor (7) by actuating 
accumulator valve (8) and changeover-valve device (3). In the process, compressed air 
is prevented by check valves (50, 52) from propagating undesirably from compressed- 
air accumulator (9) into other branches of the air-suspension system. If control unit (5) 
detects, during such a regular check, that the pressure in compressed-air accumulator 
(9) has exceeded a desired limit value, control unit (5) activates the "overpressure 
compensation" mode of operation. 

In addition, it is advantageous to provide control unit (5) with the ability 
to check and set the air pressure to be limited. For this purpose, control unit (5) 
interrupts the previously described overpressure venting via valve (20) at predefined 
time intervals by toggling changeover-valve device (3) in such a way that 
communication is again established between pressure sensor (7) and compressed-air 
accumulator (9), so that the residual air pressure in the compressed-air accumulator can 
be measured. If a limit value stored in control unit (5) is exceeded by the measured 
pressure value, control unit (5) then toggles changeover- valve device (3) once again, so 
that further overpressure dissipation can take place via valve (20). Otherwise control 
unit (5) deactivates the "overpressure compensation" mode of operation and reactivates 
the "neutral condition" mode of operation. 

In another advantageous configuration of the present invention, control 
unit (5) additionally tests the pressure values present in air-suspension bellows (64, 65, 
66, 67) at certain time intervals, by placing one of the air-suspension bellows (64, 65, 
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66, 67) in communication with pressure sensor (7) by appropriate control of 
changeover-valve device (3) and of shutoff valves (8, 60, 61, 62, 63). The measured 
pressure values of air- suspension bellows (64, 65, 66, 67) and of compressed-air 
accumulator (9) are stored in control unit (5). 

If considerable differences develop between the pressure level in 
compressed-air accumulator (9) on the one hand and the pressure levels in air- 
suspension bellows (64, 65, 66, 67) on the other hand, they can be detected by control 
unit (5) on the basis of the stored pressure values, and suitable corrective actions can be 
initiated. For example, a large pressure difference between compressed-air 
accumulator (9) and air-suspension bellows (64, 65, 66, 67) during delivery from the 
low to the high pressure level would lead to a relatively long on time of compressed-air 
delivery device (1). In an advantageous configuration, the on time can be shortened by 
programming control unit (5) in such a way that the pressure difference is limited to a 
predefined value. 

If the pressure level of compressed-air accumulator (9) were to exceed 
that of air-suspension bellows (64, 65, 66, 67) by more than the predefined value, 
control unit (5) switches the air-suspension system into the already explained 
"overpressure compensation" mode of operation. At the same time, control unit (5) 
additionally turns on electric motor (6) in order to operate compressed-air delivery 
device (1) for a predefined time. Thus, a specified quantity of air is pumped via valve 
(20) into the atmosphere. After the predefined time has elapsed, control unit (5) turns 
compressed-air delivery device (1) off once again and then rechecks the pressure 
present in compressed-air accumulator (9). 
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Conversely, if the pressure level of compressed-air accumulator (9) were 
to be below that of air-suspension bellows (64, 65, 66, 67) by more than the predefined 
value, control unit (5) switches the air-suspension system into the "low-pressure 
compensation" mode of operation. Thus, air is sucked in from the atmosphere via air- 
intake device (4) and pumped into compressed-air accumulator (9). When a desired 
pressure value has been reached, control unit (5) switches the air-suspension system 
back to the "neutral condition" mode of operation. 

During the further operation of the air-suspension system, control unit 
(5) checks, on the basis of the signals of displacement sensors (68, 69, 70, 71), whether 
the level height of the vehicle chassis relative to the vehicle wheels or roadway 
corresponds to a desired index value. This index value can be selected automatically 
by control unit (5) from a plurality of predefined index values or index-value functions, 
for example as a function of the driving situation. A predefined index value can also be 
provided by manual intervention, for example by the driver. If a value below the 
respective index value is determined for one or more of the signals of displacement 
sensors (68, 69, 70, 71), it indicates a need for the vehicle chassis to be lifted at the 
corresponding air-suspension bellows. Thus the corresponding air-suspension bellows 
is filled with additional compressed air. Hereinafter, it will be assumed that this is 
necessary for air- suspension bellows (64). 

Control unit (5) then activates the "raise" mode of operation of the air- 
suspension system. In the process, compressed-air accumulator (9) is placed in 
communication with changeover- valve device (3) by switching accumulator valve (8) 
to open position. Changeover- valve device (3) is switched in such a way that 
compressed-air accumulator (9) is placed in communication with the intake side of 
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compressed-air delivery device (1). Thus, the outlet side of compressed-air delivery 
device (1) is simultaneously placed in communication with bellows valves (60, 61, 62, 
63). Furthermore, control unit (5) switches bellows valve (60) to open position. If the 
pressure level in compressed-air accumulator (9) is higher than in air-suspension 
bellows (64), the compressed air already flows directly via check valve (52) and 
additionally through compressed-air delivery device (1) into air- suspension bellows 
(64) even if compressed-air delivery device (1) is stationary. In other words, by means 
of check valve (52), compressed-air delivery device (1) can be circumvented as a kind 
of bypass. By virtue of the direct communication via check valve (52), the flow 
resistance achieved is smaller and thus more favorable. In the process, control unit (5) 
monitors the filling of air-suspension bellows (64) on the basis of the pressure signal 
transmitted by pressure sensor (7), if it is present, and of the displacement signal 
transmitted by displacement sensor (68). As soon as the desired index value of level 
height has been reached at air-suspension bellows (64), control unit (5) switches 
accumulator valve (8) and bellows valve (60) to shut-off position. 

To accelerate the flow process, or if control unit (5) does not detect any 
change in the value measured by displacement sensor (68), control unit (5) turns on 
electric motor (6) to boost the delivery of air, whereby compressed-air delivery device 
(1) begins to operate. This is necessary in particular if the pressure in compressed-air 
accumulator (9) is lower than or at best equal to the pressure in air-suspension bellows 
(64) to be filled, or if filling of the air-suspension bellows is to be accelerated. When 
compressed-air delivery device (1) begins to operate, the delivered air flows via check 
valve (51), compressed-air delivery device (1), air-discharge/dryer device (2) and check 
valve (50) into air-suspension bellows (64). 
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If the pressure on the outlet side of compressed-air delivery device (1), 
especially in volume (15), were to be lower than in air-suspension bellows (64) to be 
filled, for example at the beginning of the "raise" mode of operation, undesired 
lowering of the level height at this air-suspension bellows (64) due to pressure 
equalization between air-suspension bellows (64) and volume (15) is prevented by 
check valve (50). For this purpose, check valve (50) is advantageously disposed as 
closely as possible to changeover- valve device (3), in order to minimize equalization 
processes via the compressed-air lines. 

If, during delivery of air from compressed-air accumulator (9) by 
compressed-air delivery device (1), the compressed-air quantity present in compressed- 
air accumulator is not adequate for filling air-suspension bellows (64), which is being 
treated as the example, the air pressure on the intake side of compressed-air delivery 
device (1) would drop below atmospheric pressure, whereby check valve (40) of air 
intake device (4) would automatically open. Thus, compressed-air delivery device (1) 
can suck in the necessary air from the atmosphere automatically and without further 
actions by control unit (5), and thus supply the necessary air quantity in air-suspension 
bellows (64). 

Conversely, if displacement sensor (68) indicates that the level height is 
above the index value, air-suspension bellows (64) would be vented. Control unit (5) 
then activates the "lower" mode of operation of the air-suspension system. In the 
process, accumulator valve (8) and bellows valve (60) are switched to open position. 
Moreover, changeover- valve device (3) is switched in such a way that air-suspension 
bellows (64) is placed in communication with the intake side of compressed-air 
delivery device (1) and compressed-air accumulator (9) is placed in communication 
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with the outlet side of compressed-air delivery device (1). If the air pressure in air- 
suspension bellows (64) is higher than the air pressure in compressed-air accumulator 
(9), compressed air flows directly via check valve (52) and additionally via 
compressed-air delivery device (1) from air-suspension bellows (64) into compressed- 
air accumulator (9). Compressed-air delivery device (1) does not have to be actuated 
during that process. By analogy with the "raise" mode of operation, control unit (5) 
monitors the venting of air-suspension bellows (64) via sensors (7, 68). When the 
desired level height according to the index value has been reached in air-suspension 
bellows (64), control unit (5) ends the "lower" mode of operation by switching 
accumulator valve (8) and bellows valve (60) to shut-off position. 

To accelerate the flow process, or if control unit (5) does not detect any 
change in the value measured by displacement sensor (68), control unit (5) turns on 
electric motor (6) to boost the delivery of air, whereby compressed-air delivery device 
(1) begins to operate. This is necessary in particular if the pressure in air-suspension 
bellows (64) to be emptied is lower than or at best equal to the pressure in compressed- 
air accumulator (9), or if emptying of the air-suspension bellows is to be accelerated. 
In this mode of operation, intake of air from the atmosphere via air-intake device (4) is 
not an option. Compressed-air delivery device (1) therefore sucks in air from air- 
suspension bellows (64) via bellows valve (60), changeover-valve device (3) and check 
valve (51), and delivers it via air-discharge/dryer device (2), check valve (50), 
changeover-valve device (3) and accumulator valve (8) into compressed-air 
accumulator (9). 

If the pressure value present in compressed-air accumulator (9) is 
already adequate or even above a desired limit value, valve (20), which functions as the 
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overpressure safeguard, automatically responds and switches to its third valve position, 
so that the compressed air delivered by compressed-air delivery device (1) is vented to 
the atmosphere. Independently of this automatic overpressure safeguard via valve (20), 
control unit (5) can also prevent further delivery of compressed air into compressed-air 
accumulator (9) if a predefined pressure value - checked on the basis of the signal of 
pressure sensor (7) - stored in control unit (5) is exceeded in compressed-air 
accumulator (9). For this purpose, control unit (5) switches accumulator valve (8) to 
shut-off position. The compressed air subsequently delivered by compressed-air 
delivery device (1) is then vented to the atmosphere via valve (20) in response to a 
rapidly rising pressure at the outlet side - which is shut off from compressed-air 
accumulator (9) - of compressed-air delivery device (1). 

If the pressure on the intake side of compressed-air delivery device (1), 
especially in volume (10), is higher than in air-suspension bellows (64) to be vented, 
for example at the beginning of the "lower" mode of operation, undesired raising of the 
level height at this air-suspension bellows (64) due to pressure equalization between 
air- suspension bellows (64) and volume (10) is prevented by check valve (51). For this 
purpose, check valve (51) is advantageously disposed as closely as possible to 
changeover-valve device (3), in order to minimize equalization processes via the 
compressed-air lines. 

A typical magnitude for volume (10) in air- suspension systems for 
passenger cars is around 0.5 liter and for volume (15) is around 0.4 liter. By using 
check valves (50, 51), it is possible to avoid a complex design for minimizing the 
volume in compressed-air delivery device (1), in the electric motor (6) that is frequently 
integrated structurally into compressed-air delivery device (1), and in air- 
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discharge/dryer device (2). Instead, the design can be selectively optimized from the 
viewpoint of costs. 

The "regeneration" mode of operation is used for regeneration of the 
dryer granules provided in air dryer (21), or in other words extraction of moisture 
therefrom. For this purpose, control unit (5) switches accumulator valve (8) and 
bellows valves (60, 61, 62, 63) to shut-off position and turns on electric motor (6) to 
start compressed-air delivery device (1) running. Compressed-air delivery device (1) 
then sucks in air from the atmosphere via air-intake device (4) and discharges this air in 
compressed condition on the outlet side, the compressed air being heated compared 
with the ambient temperature. As soon as the air pressure, which is rising on the outlet 
side, reaches predefined values in this process, valve (20) switches from the first valve 
position, firstly to the second valve position and finally to the third valve position. In 
the third valve position, the compressed air flows from compressed-air line (22) into 
compressed-air line (24), while being throttled by valve (20). In other words, the 
compressed air expands to a lower pressure level than the pressure level present in 
compressed-air line (22). Air-discharge/dryer device (2) is preferably disposed in 
relatively close spatial proximity to compressed-air delivery device (1), so that the 
heated compressed air arrives in air dryer (21) without substantial drop of temperature. 
The air expanded and additionally heated in this way has relatively high moisture- 
absorption potential, and so the compressed air flowing from air dryer (21) into 
compressed-air line (25) has a relatively high moisture content. This air is then vented 
through valve (20) into the atmosphere. Thus, very efficient and rapid drying of the 
dryer granules is realized. 
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Otherwise, regeneration of the dryer granules is also performed 
whenever the "overpressure compensation" mode of operation discussed above is 
activated, or in other words whenever surplus compressed air stored in compressed-air 
accumulator (9), for example, is being dissipated via valve (20). In this case, intake of 
air from the atmosphere is not necessary. 

In a preferred configuration of the invention, which can be used in 
particular in an air-suspension system without pressure sensor (7), the "regeneration" 
mode of operation is activated automatically by control unit (5) subsequent to one of 
the other modes of operation if compressed-air delivery device (1) had been in 
operation at the time. In this case, control unit (5) activates the "regeneration" mode of 
operation in the sense of winding down. In other words, when a preceding mode of 
operation such as "raise" is ended, accumulator valve (8) and bellows valves (60, 61, 
62, 63) are switched to shut-off position but electric motor (6) is not turned off 
immediately. Instead, it is left running for a wind-down period. Thus, compressed-air 
delivery device (1) continues to run and builds up an overpressure on the outlet side. 
The air at overpressure then escapes via valve (20) and air dryer (21), thus achieving 
the described regeneration of the dryer granules. After the predefined wind-down 
period, such as 5 seconds, has elapsed, control unit (5) turns off electric motor (6), 
whereby the air-suspension system changes from the "regeneration" mode of operation 
to the "normal condition" mode of operation. Thus, it is ensured that the dryer granules 
have adequate absorption capacity for moisture at any time. 

As explained, the compressed air always flows through air dryer (21) in 
the same flow direction in all modes of operation of the air-suspension system. Thus, it 
is possible to position check valve (50) in the compressed-air line between air- 
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discharge/dryer device (2) and changeover-valve device (3) in such a way that check 
valve (50) is disposed relatively closely to changeover-valve device (3), and 
specifically downstream from air-discharge/dryer device (2). This has the advantage 
that, during the "raise" mode of operation, undesired lowering of the level height as a 
result of pressure equalization between volume (15) and the air-suspension bellows can 
be prevented particularly effectively. On the other hand, if the air-drying approach 
used were such that during regeneration operation compressed-air flows through air 
dryer (21) in the flow direction opposite to that during delivery of compressed air by 
compressed-air delivery device (1), as is known from the prior art identified above, 
check valve (50) would have to be disposed between compressed-air delivery device 
(1) and air-discharge/dryer device (2) in the air-suspension system according to Fig. 1. 
In this case check valve (50) could not prevent pressure equalization processes between 
the volumes present in air-discharge/dryer device (2) and the air-suspension bellows. 
The consequence would be that undesired lowering of the level height caused by 
pressure equalization can take place in the "raise" mode of operation. 

From the fact that compressed air always flows in the same flow 
direction through air-discharge/dryer device (2) and that consequently check valve (50) 
is disposed in the compressed-air line between air-discharge/dryer device (2) and 
changeover-valve device (3), there is derived the further advantage that, during 
dissipation of an overpressure in the "overpressure compensation" mode of operation, 
the air cannot escape into the atmosphere without flowing through air dryer (21), since 
check valve (50) prevents it from doing so. Thus, all compressed air vented into the 
atmosphere benefits regeneration of the dryer granules. 
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In addition, control unit (5) can be provided with the capability, in the 
form, for example, of a subroutine of a control program executed in control unit (5), of 
switching the air-suspension system to "regeneration" mode of operation if high 
moisture density is present in the air-suspension system. For this purpose there can be 
provided, for measuring the moisture content of the air in the air-suspension system, an 
additional moisture sensor that transmits a signal representative of the moisture content 
of the air to control unit (5). 

The air-suspension system can also be operated in a "starting help" mode 
of operation. This mode of operation applies whenever the drive power that can be 
applied by electric motor (6) fails to cause compressor (12) to start. This can occur, for 
example, in the presence of relatively high backpressure on the outlet side, or in other 
words in outlet space (150) of compressor (12), especially if piston (17) is located at a 
position approximately midway between the two dead centers. 

In an advantageous configuration, which can be employed in particular 
for an air-suspension system without pressure sensor (7), accumulator valve (8) is first 
opened and changeover-valve device (3) is toggled for a brief time, or in other words is 
operated in each of the two valve positions. These actions take place before electric 
motor (6) is started. Thus, pressure equalization is established between the intake side 
and outlet side of compressed-air delivery device (1). Thereupon electric motor (6) is 
started. 

In a further advantageous configuration, control unit (5) recognizes a 
starting-help demand by periodically monitoring the pressure values measured by 
means of pressure sensor (7), by evaluating the stored pressure values of compressed- 
air accumulator (9) and of the air-suspension bellows or by monitoring the current 
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drawn by electric motor (6). If a starting-help demand is recognized, control unit (5), 
by appropriate operation of changeover-valve device (3) and of shutoff valves (8, 60, 
61, 62, 63), places either compressed-air accumulator (9) or an air-suspension bellows 
having relatively high air pressure in communication with the intake side of 
compressed-air delivery device (1). Thus, piston (17) of compressor (12) is urged by 
pressure from its underside — reducing the drive power that is necessary for starting 
compressor (12) and that is supplied by electric motor (6). As soon as compressor (12) 
has started, it is possible to switch back to the actually desired mode of operation of the 
air suspension system. 

By means of the advantageous configurations (explained above) of the 
air-suspension system according to the present invention, the following are 
representative examples of implementations for adaptation of the effective delivery 
capacity of compressed-air delivery device (1): 

Implementation I: 

Speed or rpm control of compressed-air delivery device (1), for example 
by the fact that control unit (5) sets a specified operating voltage for electric motor (6). 
Thus, the effective delivery capacity is adapted indirectly by adaptation of the total 
delivery capacity of compressed-air delivery device (1). 

Implementation II: 

Venting of compressed air via vent port (215) into the atmosphere, 
especially by means of vent valve (219) (Figs. 6 to 9). Thus, the effective delivery 
capacity is adapted directly without adaptation of the total delivery capacity of 
compressed-air delivery device (1). 
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Implementation III: 

Sucking in air from the atmosphere via air-intake device (4), especially 
by means of intake valve (43) (Figs. 1, 17). Thus, the effective delivery capacity is 
adapted indirectly by adaptation of the total delivery capacity of compressed-air 
delivery device (1). 

Implementation IV: 

Bypass valve (73, 74) (Figs. 15, 16). Thus, the effective delivery 
capacity is adapted directly without adaptation of the total delivery capacity of 
compressed-air delivery device (1). 

According to Implementation I, infinitely variable or finely variable 
adjustment of the operating voltage of electric motor (6) can be provided in control unit 
(5). In practice, to achieve favorable manufacturing costs, it will frequently be desired 
to provide only a few stages, such as only two stages, as adjustment options. For 
example, "normal operating speed" and "reduced operating speed" are conceivable as 
adjustment options. In this case, the "reduced operating speed" level can also be 
achieved by intermittent operation of electric motor (6) or of compressed-air delivery 
device (1), or in other words by regularly cycled on and off periods. 

Automatic control of the effective delivery capacity is also achieved by 
using overflow valve (74) as a bypass valve, since overflow valve (74) operates in 
pressure-controlled mode. 

In all other Implementations set forth above, two discrete modes of 
operation can be activated as regards the effective delivery capacity of compressed-air 
delivery device (1), and they also correspond to the "normal operating speed" and 
"reduced operating speed" settings according to Implementation I. These modes of 
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operation will be designated hereinafter as "normal delivery capacity" and "reduced 
delivery capacity". In the "reduced delivery capacity" mode of operation, the effective 
delivery capacity will be assumed to be appreciably smaller than in the "normal 
delivery capacity" mode of operation. 

In Implementation I, the "reduced delivery capacity" mode of operation 
is active if electric motor (6) is being operated in the "reduced operating speed" mode 
of operation. 

In Implementation II, the "reduced delivery capacity" mode of operation 
is active if vent valve (219) is being actuated by control unit (5) by means of an 
electrical signal and consequently compressed air is being vented via vent port (215) 
into the atmosphere. 

In Implementation III, the "reduced delivery capacity" mode of 
operation is active during use of the air-suspension system according to Fig. 1 if 
accumulator valve (8) is switched by control unit (5) into the closed position. In this 
case, as explained in detail hereinabove, the reduced pressure developed at intake port 
(105) causes air to be sucked in from the atmosphere via air-intake port (42), filter (41) 
and check valve (40), which is open at the time. For activation of the "reduced delivery 
capacity" mode of operation during use an air- intake device (4) according to Fig. 17, 
control unit (5) switches intake valve (43) to open position by means of an electrical 
signal via electrical conductor (44), thus also causing air to be sucked in from the 
atmosphere. In Implementation III, the delivery capacity in the "reduced delivery 
capacity" mode of operation is reduced by the fact that compressed-air delivery device 
(1) sucks in ambient air at atmospheric pressure instead of compressed air at relatively 
high pressure level from compressed-air accumulator (9). Thus, the advantages of the 
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partly closed principle of the air-suspension system mentioned in the introduction are 
temporarily neutralized if necessary. 

In Implementation IV, the "reduced delivery capacity" mode of 
operation is active during use of the air-suspension system according to Fig. 16 if 
bypass valve (73) is switched to open position by an electrical signal from control unit 

(5) . 

In an advantageous embodiment of the invention for application in an 
air-suspension system having four air-suspension bellows, for example such as 
illustrated in Fig. 1, the following method is employed for activation of the "normal 
delivery capacity" and "reduced delivery capacity" modes of operation. The "normal 
delivery capacity" mode of operation is used for delivery of compressed air into three 
or four air-suspension bellows, but otherwise the "reduced delivery capacity" mode of 
operation is used. As an additional or alternative feature, it can also be provided that a 
changeover from the "normal delivery capacity" mode of operation to the "reduced 
delivery capacity" mode of operation takes place if certain criteria that can be measured 
by sensors are met. In preferred configurations of the invention, such criteria are: 

a predefined pressure value of the pressure on the outlet side of 
compressed-air delivery device (1) is exceeded; 

if, during use of a compressed-air delivery device (1) driven by a 
rotary movement, the drive rpm of compressed-air delivery device (1) drops below a 
predefined rpm value; or 

if, during use of a compressed-air delivery device (1) driven by 
an electric motor (6), a predefined current value of the current drawn by electric motor 

(6) is exceeded. 
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If necessary, a pressure sensor (7), an rpm sensor and/or a current sensor 
can be provided for this purpose. Depending on the existing sensor instrumentation of 
the air-suspension system, one or several or all of the criteria mentioned in the 
foregoing can be used for changeover to the "reduced delivery capacity" mode of 
operation. 

In practice, the procedures explained above are preferably implemented 
as steps of a control program to be executed in control unit (5). 

Accordingly, the present invention provides an air-suspension system 
for a vehicle and a method for operating said air-suspension system, whereby the 
effective delivery capacity of the compressed-air delivery device is automatically 
controlled, avoiding the complexity and cost associated with conventional air- 
suspension systems in a simple, cost-effective manner. 

It will thus be seen that the objects set forth above, among those made 
apparent from the preceding description, are efficiently attained, and since certain 
changes may be made in the above constructions without departing from the spirit and 
scope of the invention, it is intended that all matter contained in the above description 
or shown in the accompanying drawings shall be interpreted as illustrative and not in a 
limiting sense. 

It is also to be understood that the following claims are intended to cover 
all of the generic and specific features of the invention herein described and all 
statements of the scope of the invention which, as a matter of language, might be said 
to fall therebetween. 
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